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1.0 Introduction

The Clean Water Act (CWA) requires that waters in the United States support swimming, sustain aquatic
life, and maintain other beneficial uses, like water supply. In order to meet the requirements of the CWA,
Virginia has adopted water quality standards (WQS) and assesses water quality monitoring data to
determine if waterbodies are meeting the WQS. Waterbodies not meeting standards, i.e. impaired
waterbodies, are reported in the biannual 305(b)/303(d) Water Quality Assessment Integrated Report
(Integrated Report) or “dirty waters list”.

Sand Branch is a small stream with a drainage area of 1.37 square miles (879.89 acres) and a total stream
length of approximately 1.54 miles. It is a tributary to Cub Run, which flows into Bull Run and then into
the Occoquan Reservoir. The stream originates in Loudoun County and flows into Fairfax County before
its confluence with Cub Run. The watershed is located in an urbanized area, situated directly south of
Dulles International Airport, west of Route 28, and north of Route 50. Sand Branch is considered
impaired for aquatic life designated use based upon assessment of the benthic macroinvertebrates,
meaning there is not a healthy and diverse community. The recreational use is also considered impaired
based upon assessment of bacteria. However, that impairment is not addressed in this report because Sand
Branch is included in the downstream Occoquan River bacteria TMDL, approved by the United States
Environmental Protection Agency (USEPA) on November 15, 2006.

This report discusses the benthic stressor analysis used to identify the cause(s) of the impaired benthic
macroinvertebrate community in Sand Branch. The analysis is an investigation of multiple lines of
evidence provided by data and scientific literature to identify the most likely stressors resulting in an
unhealthy benthic community.

1.1  Applicable Water Quality Standards

Virginia’s WQSs are contained in 9VAC25-260 et seq. and are comprised of three components:
antidegradation, identification of designated or beneficial uses, and the criteria (narrative and/or numeric)
to ensure beneficial uses are protected. According to Virginia WQS (9VAC25-260-10):

“All state waters, including wetlands, are designated for the following uses: recreational uses,
e.g., swimming and boating, the propagation and growth of a balanced, indigenous population of
aquatic life, including game fish, which might reasonably be expected to inhabit them; wildlife;
and the production of edible and marketable natural resources, e.g., fish and shellfish.”

Water quality criteria can be numerical or narrative. The General Criteria defined in the Virginia WQS
(9VAC25-260-20) provides general, narrative criteria for the protection of designated uses from
substances that may interfere with attainment of such uses. Section A of the General Criteria states in
part:

“State waters, including wetlands, shall be free from substances attributable to sewage,
industrial waste, or other waste in concentrations, amounts, or combinations which contravene
established standards or interfere directly or indirectly with designated uses of such water or
which are inimical or harmful to human, animal, plant, or aquatic life.”

1.2  Aquatic Life Designated Use

One indicator of an impairment of the aquatic life use is a degraded benthic macroinvertebrate
community. DEQ administers a biological monitoring program in Virginia that evaluates compliance of
the General Standard. Evaluations of monitoring data from this program focus on the benthic (bottom-
dwelling) macro (large enough to see) invertebrates (insects, mollusks, crustaceans, and annelid worms)
and are used to determine whether a stream segment has a benthic impairment. Changes in water quality
generally result in alterations to the quantity and diversity of the benthic organisms that live in streams
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and other water bodies. Besides being the major intermediate constituent of the aquatic food chain,
benthic macroinvertebrates are "living recorders" of past and present water quality conditions. This is due
to their relative immobility and their variable resistance to the diverse contaminants within a water body.
The community structure of these organisms provides the basis for the biological analysis of water
quality.

A multi-metric benthic macroinvertebrate index, the Virginia Stream Condition Index (VSCI), is used to
assess the aquatic life use status for wadeable freshwater streams and rivers in non-coastal areas of the
state. VSCI scores range from 0 to 100, with higher scores indicating relatively better ecological health.
DEQ has set a score of 60 as the threshold for impairment. Scores below 60 indicate an impaired benthic
community, while scores above 60 indicate a healthy benthic community.

1.3 Impairment Listing

DEQ performed monitoring on Sand Branch at two monitoring stations (1ASAN000.34 and
1ASANO001.45) at which ambient water quality and biological sampling occurred from 2015 — 2020. The
data collected from these two stations were assessed in DEQ’s 303(d)/305(b) Integrated Report. Based
upon monitoring data collected at these stations, impairments to the aquatic life and recreational uses
were identified.

The aquatic life use impairment, which is the focus of this water quality study, was based upon the VSCI
assessment of two biological monitoring events, in the Spring and Fall of 2016 at stations 1ASAN000.34
(at Route 609) and 1ASANO001.45 (at Route 639) that indicates impaired benthic macroinvertebrate
communities (Table 1-1). The impaired segment comprises all of Sand Branch, from its headwaters to the
confluence with Cub Run. Sand Branch and Cub Run (both highlighted orange in Figure 1-1) were
assessed as not supporting aquatic life in the 2020 Integrated Report.

Table 1-1.Sand Branch impaired segments from DEQ's 2020 303(d)/305(b) Integrated Report.

Stream Count VAHUC | Impaired Assessment Cause First I;el;%;rlilzflt
Name y 6 Units Group Code | Listed pal
(miles)
Loudoun
Sand . VAN- A22R-05-
Branch | fairfax | PL4S A22R_SANOIAIS BEN 2018 1.54
Counties -
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Figure 1-1. Impairment listing for the Sand Branch watershed.

2.0 Benthic Stressor Analysis Approach

Before a TMDL can be developed to address an impaired benthic macroinvertebrate community, a
pollutant (or pollutants) must be identified as the probable stressor(s) to the benthic community. A
stressor can have direct effects on the organism itself, like dissolved metals or toxic chemicals, or alter
habitat and resources resulting in a shift in the macroinvertebrate community.

The benthic macroinvertebrate community at a given location is comprised of a suite of organisms that
are adapted to withstand the environmental conditions present at that location. As those environmental
conditions change, organisms that are not adapted to those changes will be reduced in numbers or be
extirpated, and the macroinvertebrate community will shift to organisms that can withstand the new or
changing environmental conditions. The stressor analysis process applied a weight-of-evidence approach
to define the probable stressor(s) that explain(s) the shift in the benthic macroinvertebrate community.
This approach consisted of an analysis of the water quality chemistry and biological data and USEPA’s
Causal Analysis/Diagnosis Decision Information System (CADDIS) (USEPA, 2018). From these
anlayses, each candidate stressor was categorized as either a non-stressor, possible stressor, or probable
stressor. Those pollutants identified as probable stressors are then candidates for development of a
TMDL.

Each approach is discussed in-depth in the following respective sections: Section 5.0 (Biological Data
Analysis); Section 6.0 (Water Chemistry Data Analysis); and Section 7.0 (Causal Analysis/Diagnosis
Decision Information System (CADDIS).

2.1 Candidate Stressors

The first step in the stressor identification analysis is to list potential candidate stressors. DEQ identified
these from the listing information, monitoring data, scientific literature, and historic information. Potential
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stressors include both pollutants that can be targeted through TMDL development and additional
contributing factors that can influence and stress benthic communities but that cannot be effectively
targeted through TMDL development. The suite of candidate stressors analyzed in the benthic stressor
analysis are those known to have effects on macroinvertebrates.

Water quality data collected for the candidate stressors were analyzed to identify if one or more of those
parameters may be causing stress to the aquatic community. Candidate stressors were compared to
numeric water quality criteria and threshold stressor values, as applicable. The threshold stressor values
were developed and published by DEQ (2017) in the “Stressor Analysis in Virginia: Data Collection and
Stressor Thresholds” document. The candidate stressors considered in the benthic stressor analysis are
shown in Table 2-1 and each are identified as having water quality criteria and/or a stressor threshold.

Table 2-1. Candidate stressors analyzed.

Candidate Stressors Considered
Total
H Dissolved Total Dissolved Potassium
p Oxygen (DO) Phosphorous Solids
(TDS)
Candidates "
With Stressor | 7emperature Specific Total Nitrogen Sulfate Chloride
Thresholds': Conductivity
Metal
5 Cumulative Individual
Sediment Criterion Unit Metals, Sodium
(Metals Dissolved
CCU)
s
- Suspended Ammonia DO (Saturation) | Turbidity
Stressor | o 1ids (TSS)
Thresholds?:
Addl.t lon?l Underlying Land Percent De.grafied
SuLE LT L Geolo Disturbance | Imperviousness Riparian
Factors: gy P Buffer

' Values published in “Stressor Analysis in Virginia: Data Collection and Stressor Thresholds” (DEQ, 2017)

2 Parameters with water quality criteria denoted in bold, italicized text. When available, the value was also used in
the analysis (Water Quality Standards, 9VAC25-260).

3Sediment was evaluated using Logjo Relative Bed Stability (LRBS) index and Habitat.

2.2 Contributing Factors

The benthic stressor analysis also considered factors that contributed to the impaired benthic
macroinvertebrate community. These are watershed conditions that may exacerbate the impairment, but
for which a TMDL cannot be individually developed. Examples of contributing factors can be degraded
riparian buffer, hydrologic alternation such as dams or impoundments, current and/or historic land use
practices, or the underlying geology. The additional contributing factors considered in this analysis are
identified in Table 2-1.
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3.0 Watershed Characterization

The Sand Branch watershed, comprising approximately 1.37 square miles, is split between urbanized land
uses and forest, with the forested portion mostly on the northern side of the watershed, providing a buffer
for the Dulles International Airport.

Sand Branch, totaling a length of approximately 1.54 miles, flows through Loudoun County and a small
portion of Fairfax County before its confluence with Cub Run. Cub Run flows into Bull Run, which is a
part of the Middle Potomac-Anacostia-Occoquan watershed. Sand Branch and the surrounding 4™ and 5™
level watersheds are shown in Figure 3-1.
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Figure 3-1. Location of the Sand Branch watershed in northern Virginia.

Elevation was calculated using contour spatial data provided by the Loudon County, Office of Mapping
and Geographic Information (Z. Irwin, personal communication, August 12, 2020). The Sand Branch
watershed elevation ranged between 12 to 388 feet above mean sea level (MSL), with an elevation
average of 285 feet. These values include the quarry operation in the headwaters of the watershed, with
the lowest elevation of 12 feet MSL being the bottom of the quarry pit.

3.1 Soils

Hydrologic soil group composition in the Sand Branch watershed is identified in Figure 3-2 using the Soil
Survey Geographic (SSURGO) database and the State Soil Geographic (STATSGO) dataset. These
groups represent the infiltration characteristics of soils, where soils with high infiltration rates are
represented by Group “A”, and Group “D” represents soils with the slowest infiltration rates. Soils with
slower infiltration rates are more susceptible to higher erosion rates because runoff will flow over the land
quicker instead of infiltrating into the ground. The map uses hydrologic group data taken from SSURGO
for the southern portion of the watershed and from STATSGO for the northern portion of the watershed
on Dulles International Airport property where SSURGO data did not exist.
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Figure 3-2. Sand Branch watershed and area soil hydrologic groups.

3.2 Land Use

The 2016 Virginia Land Cover Dataset (VGIN, 2017) was used to calculate land cover in the Sand
Branch watershed (Figure 3-3). The watershed is approximately 36.9% forest/tree, 21.8% developed
impervious, 25.7% barren, 13.0% developed pervious and 1.8% pasture.
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Figure 3-3. 2016 Virginia Land Cover Data for Sand Branch watershed.

3.3 Underlying Geology

The Sand Branch watershed lies within the Trap Rock and Conglomerates Uplands and Triassic Lowlands
ecoregions. The underlying geology of the region is primarily sedimentary rock of the Triassic
interspersed with magma intrusions of igneous diabase (trap rock) and heat-altered sedimentary rocks
(Woods et al., 1999). This geology naturally produces higher conductivity and higher phosphorus levels
in overlying streams than is typical in the Northern Piedmont (Porter ef al., 2020). Figure 3-4 depicts the
ecoregions surrounding and encompassing Sand Branch’s watershed (outlined in pink).
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Figure 3-4. Sand Branch watershed area ecoregions.

3.4 Virginia Pollution Discharge Elimination System (VPDES)

DEQ regulates discharges to state waters in accordance with federal and state laws and regulations. DEQ
issues Virginia Pollutant Discharge Elimination System (VPDES) permits for point source discharges to
surface waters. This includes discharges from municipal and industrial operations which may contain
process wastewater water as well as certain types of stormwater. Stormwater which is exposed to
industrial activity is regulated under the VPDES program, while Municipal Separate Storm Sewer
Systems (MS4) are regulated under the Virginia Stormwater Management Program (VSMP). Under the
VPDES and VSMP programs, there are both individual permits as well as general permits. General
permits in Virginia are established as regulations, and are issued to categories of activities which have
similar operations and nature of the pollutants discharged to surface waters. Discharge permits aim to
ensure the Virginia WQS are maintained and protected. Permits may include effluent limits, monitoring
requirements, and special conditions to address pollutants that have a reasonable potential to cause or
contribute to an instream excursion of a water quality criteria. Facilities conduct monitoring to determine
compliance with permit requirements.

As of March 2021, there are seven facilities with VPDES permits and two MS4 permit holders in the
Sand Branch watershed (Table 3-1 and Table 3-2). In addition to the discharge monitoring required by the
VPDES permit, DEQ Northern Regional Office’s Water Compliance staff conducted monitoring at
Chantilly Crushed Stone, Inc. (VPDES Permit No. VAG840106) on a quarterly basis, from 2014 — 2018,
the discharge of which comprises the headwaters of Sand Branch. This monitoring included many of the
parameters being reviewed as potential stressors, including select ions (sulfate, sodium, potassium,
chloride), total phosphorus, total nitrogen, ammonia, total dissolved solids, and specific conductance.
Water staff also sampled the discharge of two other permitted facilities; three samples between 2016 —
2018 from Superior Concrete (VPDES Permit No. VAG110094) and one sample from Loudoun
Composting (VPDES Permit No. VA0091430) in 2016.
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The location of the VPDES permitted facilities are shown in Figure 3-5.

Table 3-1. Permitted VPDES facilities in the Sand Branch watershed.

. . 2
Permit Facility Name Receiving Stream’ Permit Type
Number
VA0091430 Loudoun Composting Sand Branch, UT VPDES IP
Virginia Concrete
VAGI110089 Company Inc. - Chantilly Sand Branch, UT Concrete Products GP
Plant
VAG110094 | Superior Concrete - Dulles Sand Branch Concrete Products GP
VAG11031g | Ageregate Industries MAR | o 4 ponen UT Concrete Products GP
- Chantilly
VAG406265 Chantilly Liberty Sand Branch, UT Domestic Sewage GP
VAGS840106 Chantilly Crushed Stone Sand Branch Nonmetallic Mineral Mining GP
Incorporated
VAR050863 | Virginia Paving Company - | oy ponch UT Stormwater Industrial GP
Chantilly Plant
William A Hazel
VARO052245°3 | Incorporated - Recycling Sand Branch, UT Stormwater Industrial GP
Facility

I UT is an abbreviation for unnamed tributary.
2 IP denotes an Individual Permit. GP denotes a General Permit.
3 Facility closed and the VPDES permit was terminated on March 3, 2021.

Table 3-2. MS4 Permit holders in the Sand Branch watershed.

Permit - .
Number Facility Name Permit Type
VAR040067 Loudon County Municipal Separate Storm Sewer System
(General Permit)
Virginia Department Municipal Separate Storm Sewer System
VAD092975 of Transportation (Individual Permit)
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Figure 3-5. Location of VPDES permitted discharges in the Sand Branch watershed.

3.5 Headwater Source

The headwaters of Sand Branch originate from the discharge of a quarry owned by Chantilly Crushed
Stone, Inc. (VPDES Permit No. VAG840106). This quarry mines for diabase rock, which is then crushed
onsite. Stormwater, which commingles with groundwater infiltration in the mine pit, is collected in a
holding pond. After settling, the water is discharged into Sand Branch. The average flow from this
discharge was 0.75 MGD, based on the reported flow data from Discharge Monitoring Reports (DMR)
submitted monthly for the time period January 1, 2015 to June 30, 2020.

4.0 DEQ Sample Collection and Monitoring Stations

All available DEQ data were examined to investigate likely stressor(s) causing the impairment to the
aquatic community. The information considered consisted of data collected specific to Sand Branch and
also a reference stream, Licking Run (1ALIL008.29), was used to provide a comparative station for select
biological and water quality parameters.

4.1 Sand Branch Monitoring Stations

In preparation for this analysis, monitoring occurred at two monitoring stations located on Sand Branch,
one downstream (1ASANO000.34) and one upstream (1ASAN001.45), in effort to help identify potential
stressors to the benthic community (Table 4-1, Figure 4-1).
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Table 4-1. DEQ monitoring stations in Sand Branch watershed.

Station ID Location Monitoring Type

1ASANO000.34 Route 608 (Pleasant Valley Road)

Ambient, Biological
1ASANO001.45 Route 639 (Willard Road)

Legend
/A Water Quality Menitoring Stations
[ Sand Branch Watershed Boundary

TASANOO 194 5]

B ;
- M 7 TASANOODYSY

WQM Station / : NGB0 11L78!
1ACUBD11.25  |Cub Run Rt # 50 (John Mosby Hwy)

1ACUB011.78 Cub Run Above confluence with Sand Branch|

1ASANO0OD.34 Sand Branch Rt. 609 (Pleasant Valley Rd)

1ASANO01.45 Sand Branch Rt. 639 (Willard Rd)

Map Created by CRO January 13, 2021 P
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Figure 4-1. DEQ monitoring stations in Sand Branch watershed and its vicinity.

DEQ conducted ambient water quality monitoring at the two monitoring stations, 1ASAN000.34 and
1ASANO001.45, from 2015 — 2020. This included three sampling events for select water column metals at
both stations. Metals samples were collected on October 3, 2019, October 31, 2019, and September 17,
2020, representing a variety of flow regimes. Additionally, DEQ staff conducted water quality sampling
of select permitted discharges in advance of this stressor analysis to supplement the instream data.

Sampling of benthic macroinvertebrates (biological monitoring) occurred at both monitoring stations,
1ASAN000.34 and 1ASANO01.45, in the fall and spring of 2016 and 2020. Biological sampling typically
occurs during low flow to capture colonized aquatic communities. During each biological monitoring,
habitat assessments were conducted. As part of these assessments, DEQ observes factors such as
epifaunal substrate, embeddedness, velocity/depth regimes, sediment deposition, and riparian vegetative
zone width, among others. These categories are given an individual score from 0-20, which are then
compiled to produce an overall habitat score of up to 200 points.

The physical aspects of Sand Branch were further characterized at the downstream station,
1ASANO000.34, through a series of measurements taken of the channel to identify its relative bed stability.
The resulting value, Logio Relative Bed Stability (LRBS), is based upon a number of metrics that involve
the measurement of channel dimensions and substrate composition at numerous transects within a 150 to
800 meter stream reach.
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Sampling was done in a manner to capture the full range of flow conditions and a variety of the physical
and chemical conditions of the stream. Figure 4-2 presents a flow duration curve for a nearby stream in
the Cub Run watershed, Flatlick Branch, which is monitored by the United States Geological Survey
(USGS) for both stream flow and water quality parameters. The drainage area in Flatlick Branch at the
flow gage is 4.20 square miles. The graph depicts the DEQ sampling events on the flow curve
demonstrating the flow regimes captured by the DEQ sampling as influenced by precipitation.
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Figure 4-2. Flow duration curve for Flatlick Branch, with DEQ sampling events on Sand Branch,
presenting flow regimes captured during ambient sampling.

DEQ also deployed a continuous monitoring sonde at 1 ASAN000.34 from August 10, 2020 — August 26,
2020 and December 10, 2020 — February 10, 2021. During this period, samples were collected every 15
minutes. These samples were analyzed for a variety of parameters, including dissolved oxygen, pH,
specific conductance and temperature. Continuous monitoring allows for trends, such as diurnal patterns,
to be observed. Rainfall data from the National Oceanic and Atmospheric Administration’s monitoring
station at Dulles International Airport, located immediately north of Sand Branch, was used in the
analysis of the results of the continuous monitoring sonde.

DEQ considered in this benthic stressor analysis data that was collected on and prior to September 17,
2020, as well as the continuous monitoring data collected December 10, 2020 — February 10, 2021.

4.2 Reference Stream Monitoring Stations

DEQ evaluated 43 benthic monitoring stations within the Triassic Lowlands and/or Trap Rock and
Conglomerate Uplands Ecoregion to identify reference stream monitoring station(s) to support
identification of stressors of the benthic community in Sand Branch. Of these, only six (6) stations were
identified as unimpaired (VSCI score 60 or greater) and deemed suitable as a potential reference station
for the benthic stressor analysis. Based upon a review of the water quality data collected at each potential
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station, the Licking Run monitoring station (1ALIL008.29) was selected as it had the most water quality
data (Figure 4-3).

The Licking Run station was used in the data comparison of turbidity, total suspended solids (TSS) and a
benthic data comparison of community composition and functional feeding groups. This reference stati